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Background: Nowadays, therapeutic plasma exchange (TPE) is considered a novel and promising
treatment in cases of poisoning. However, few studies have been conducted on the use of TPE as a
treatment in various toxicity cases, especially aluminum phosphide (AIP) poisoning. Therefore, the
present study aimed to investigate the efficacy of plasmapheresis in the treatment and clinical outcome
of patients with AIP poisoning.

Methods: We conducted this randomized controlled clinical trial on 80 patients poisoned with AIP. The
control patients (n=58) received only the routine treatment, whereas those in the experimental group
(n=22) underwent plasmapheresis in addition to the routine treatment. The plasmapheresis was given to
these patients immediately after they had received the routine treatment, within the first six hours of their
hospital admission.

Results: The study results revealed that the mean hematocrit level in the plasmapheresis group
(34.31+3.31%) was significantly lower than that of patients in the control group (38.05+4.80%) 12 h after
the plasmapheresis treatment (P=0.046). Moreover, there were six (27.3%) and 14 (24.1%) cases of
mortality in the plasmapheresis group and the control group, respectively. There was no significant
difference in the mortality rates between the two groups (P=0.778).

Conclusion: Based on the results of this study, plasmapheresis had a significant effect on increasing the
blood HCOs level within 12 h after the intervention. Therefore, it had a significant role in reducing the
resultant acidosis in patients with AIP poisoning; however, this effect did not reduce the mortality rate

after plasmapheresis.
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Introduction

Pesticide poisoning, with a mortality rate of 70%,
accounts for more than 50% of all poisonings in some South
Asian countries [1, 2]. Mortality due to aluminum
phosphide (AIP) poisoning has been reported to be high in
Iran during the last two decades, with a reported mortality
rate of 30-100% [3, 4]. AIP, a deadly poison, is used to
disinfect and protect grains, particularly rice, sold under
such brand names as QuickPhos and Celphos, and known
commonly in Iran as Rice tablets [5, 6]. The mortality
caused by AIP poisoning, which has no specific antidote,
has been reported to be about 70%, with the main cause
being shock and multiple organ failure [7, §].

Several treatment approaches have been taken for this
poisoning, the most aggressive of which are intra-aortic
balloon pump (IABP) and extracorporeal membrane
oxygenation (ECMO). However, these treatments are both
very invasive and expensive and require highly expert
practitioners who are not readily available most of the time
[9]. Phosphine, similar to cyanide, inhibits mitochondrial
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cytochrome oxidase and cellular oxygen utilization. The
direct toxic effects of phosphine on cardiac myocytes,
fluid loss, and adrenal glands can induce profound
circulatory collapse. The direct corrosive effects of
phosphide and phosphine on human tissues have been
reported in the literature [10-12]. In AIP poisoning,
phosphine gas dissolved in plasma is heavy and cannot
be removed by hemodialysis. Therefore, studies have
suggested that in these cases, phosphine gas can be
removed from the blood by plasmapheresis [11-13].
Plasmapheresis has distinct advantages over
hemodialysis and hemoperfusion. Primarily, there is no
need for a central catheter for the patient because this
procedure can be performed through two large peripheral
vessels. Secondly, plasmapheresis, unlike hemodialysis
and hemoperfusion, does not depend on the size of the
molecules considered for detoxification or separation
[14, 15]. Therapeutic plasma exchange (TPE), or
plasmapheresis, is utilized to treat a wide range of
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diseases. The purpose of this procedure is to remove
aggressive agents from the plasma that induce many
clinical symptoms in patients [15]. TPE is recommended
for treating patients with various diagnoses in different
medical specialties. This procedure is employed to remove
or reduce the concentration of proteins, fats, protein-bound
hormones, antibodies, antigens, or immune complexes
from the patients’ blood [14-18].

Numerous studies have reported the efficacy of
plasmapheresis in the treatment of patients intoxicated with
organophosphates (OP), amitriptyline, Amanita muscaria,
propranolol, amlodipine, diltiazem, verapamil,
carbamazepine, theophylline, levothyroxine, and toxic
heavy metals, such as mercury [15, 19-25]. However, there
are still conflicting views among experts as to the efficacy
of plasmapheresis in the management of poisoning cases
[22]. Considering the high prevalence of AIP poisoning and
the incidence of deaths among patients, inadequate
attention has been paid to plasmapheresis by clinicians, and
contradictory findings reported by previous studies,
additional research is warranted on the efficacy of
plasmapheresis. This can provide evidence-based results
for both researchers and healthcare practitioners. The
available literature on plasmapheresis is mostly case reports
[20, 21, 23-25]. Currently, there is only one in-depth study
conducted on this treatment method, which was published
by our research team in 2021 [14].

Aim of the Study: Given the above facts, this study was
planned to evaluate the efficacy of plasmapheresis over a
randomized controlled clinical trial in the treatment and
clinical outcome of patients poisoned with AIP.

Materials and Methods

Study Population: The recruited population for this
clinical trial included 90 patients with AIP poisoning who
were referred to the Clinical Toxicology Department of
Khorshid and Al-Zahra hospitals in Isfahan, Iran, between
the years 2020 and 2022. Using a sample size formula, 30
patients were assigned to the intervention group, while 60
patients were allocated to the control group, at a 95%
confidence level and 80% test power. Moreover,
considering the case report nature of previous studies on
this subject [20-24], the maximum ratio of patients with
AIP poisoning in this study was 35%, with the error level
being 0.25.

Ethical Guidelines: The study protocol was carefully
reviewed and approved based on the university’s ethical
guidelines by the Ethics Committee of Isfahan University
of Medical Sciences. The study was awarded the approval
code for ethics: IRMULMED.REC.1399.699 and the
clinical trial code: IRCT20200507047344N2
(https://en.irct.ir/trial/52254).  Likewise, the written
informed consent form for review and signature by the
patients or their next of kin was also reviewed by the same
committee and approved.

Inclusion and Exclusion Criteria: The criteria for
including patients in the study were as follows: 1) being
between 20 and 65 years old, 2) having no risk of blood
coagulation disorder, and 3) having no history of chronic
kidney disease.

The subjects were 90 eligible patients who voluntarily

entered the study following a consecutive non-
probability sampling, meaning that all eligible patients
were identified and included in the study until the
adequate sample size was met. The 90 patients were then
divided into two groups of experimental (n=30) and
control (n=60) patients using random allocation
software. Patients were excluded from the study in cases
of having bleeding or coagulation disorders that would
be discovered during the intervention.

Patients’ Demographic and Laboratory
Information: At the beginning of the study, patients’
gender, age, and the following clinical and laboratory
parameters were evaluated and recorded: Pulse rate,
systolic and diastolic blood pressure, the blood levels of
calcium (Ca), potassium (K), magnesium (Mg), sodium
(Na), glucose, and phosphorus (P), liver enzymes (ALT
and AST), blood gases, cell counts and pH, partial
pressure of carbon dioxide, bicarbonate (HCO3), partial
pressure of oxygen, blood oxygen saturation, white and
red blood cell count (WBC and RBC), hemoglobin (Hb),
hematocrit (HCT), platelet count, lymphocytes (Lymph),
and blood albumin (Alb) level.

Physical Monitoring: It should be noted that all
patients underwent cardiac and hemodynamic
monitoring. The patients were attended to by medical
personnel if they were clinically restless and thirsty, or
had signs of hypotension, tachycardia, cold, or perspired
limbs, or if they had signs of metabolic acidosis, based
on the venous blood gas data, pH<7.2, and HCO;<15
mEq/L.

Routine Treatments: The following routine
treatment protocol was carried out for all patients: A
continuous infusion of normal saline (in bolus and
slowly) and norepinephrine was administered in addition
to organic oil, such as almond or castor oil, by gavage.
In case any sign of cardiac instability was observed, the
rate and amount of fluid therapy administration were
adjusted. The intravenous administration was performed
of sodium bicarbonate at 2 meq/kg bolus every hour,
vitamin C at 150 mg/h, n-acetyl cysteine at 300 mg/kg
every 24 h, and magnesium sulfate and calcium
gluconate at 1 g every six hours. Vitamin E was also
given intramuscularly at 300 units every 12 h.

Group Treatments: The patients in the control group
received only the above-mentioned routine treatments.
Patients in the experimental group received
plasmapheresis in addition to the routine treatment
within the first six hours of the patients’ admission to the
hospital.

Plasmapheresis Administration: The plasma
volume for plasmapheresis was calculated in liters using
the formula 0.07xbody weight (kg)x(1-HCT) [23].
Approximately, 3 L of plasma was taken from the patient
and replaced with 1.5 L of fresh frozen plasma (FFP),
1500 cc of normal saline, and 2-3 vials of albumin. This
treatment lasted for 3-3.5 h. After the plasmapheresis,
the levels of blood Ca, P, Na, K, and the complete blood
cell count (CBC) were tested. Next, 12 h after the
intervention, the following clinical and laboratory
parameters were assessed and documented: PR, SBP,
DBP, levels of Ca, K, Mg, Na, BS, P, ALT, AST, PCo»,
HCOs, BE, PO,, Ossat, WBC, RBC, Hb, HCT, PLT,
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Lymph, and other tests, including Alb, and blood pH.
Further, in cases of complications, such as tachypnea,
dyspnea, respiratory distress, anaphylaxis, hypocalcemia,

hypotension, metabolic alkalosis,

hypokalemia,

coagulation disorders, bleeding, mortality, recovery, and/or
discharge from the hospital, the specific facts were recorded

in the patients’ charts.

It is worth noting that in cases of acute dyspnea, a chest
X-ray was requested with the suspicion of transfusion-
related acute lung injury (TRALI). Moreover, appropriate
treatment was provided in cases of any other complications.
In order to comply with blinding conditions and prevent
bias in data recording, the data collector and statistician had
no knowledge of the type of intervention administered to

either group.

Statistical Analyses: All of the collected data were
entered into SPSS software (version 26) on a private and
confidential computer under each patient’s code which
were not identifiable except by the senior study team
members. The data were presented as meanststandard
deviations (SD) or frequency and percentages. At the level
of inferential statistics, an independent sample t-test was
used to compare the means of variables between the two
groups at the beginning of the study. Moreover, analysis of

covariance (ANCOVA) was run to compare the
variables between the two groups 12 h after the
intervention by adjusting for the patients’ age, gender,
and other variables at baseline. Furthermore, the paired
sample t-test was used to compare the means of variables
12 h after the intervention and was compared to the
baseline data for each of the two groups. In all analyses,
the significance level between pairs of data was set at
P<0.05.

Results

Patients’ Demographics: In this study, 8 out of 30
patients in the plasmapheresis group and 2 out of 60
patients in the control group were excluded from the
study due to their unwillingness to participate in the
study. Therefore, the data analyses were performed for
22 patients in the plasmapheresis group and 58 patients
in the control group, as shown in Figure 1. The
plasmapheresis group included 9 females (40.9%) and
13 males (59.1%) with a mean age of 29.54+11.59 years
old, while the control group consisted of 21 females
(36.2%) and 37 males (63.8%) with a mean age of
30.88+11.31 years old (P>0.05). See Table 1 for details.

| Eligibility Aslscssed (n=95) |

Enrollment

Excluded (n=5)
- Not meeting the inclusion criteria
(n=4)

A 4

|

- Declined to participate (n=1)

Randomized (n=90) |

l

Allocated to intervention (n=30)
(Received standard plasmapheresis)
Received allocated intervention (n=30)

Did not receive the allocated intervention

(=M

A 4

Lost to follow-up (n=0)
Discontinued intervention (n=8)

Y

Analyzed (n=22)
- Excluded from analysis (n=0)

Allocation

Follow-Up

Analyses

l

Allocated to intervention (n=60)

(received only standard treatment)
Received allocated intervention (n=60)

Did not receive the allocated intervention

m=0)

Lost to follow-up (n=0)
Discontinued intervention (n=2)

y

Analyzed (n=58)
- Excluded from analysis (n=0)

Figure 1. Consort flowchart of patients

Table 1. Basic characteristics of patients with AIP poisoning in the two groups

Characteristics Plasmapheresis (n=22) Control (n=58) P-value
Gender:

Female 9 (40.9%) 21 (36.2%) 0.797
Male 13 (59.1%) 37 (63.8%) ’
Age: (year) 29.54+11.59 30.88+£11.31 0.641
Comorbidity:

None 13 (59.1%) 38 (65.5%)

Diabetes 1 (4.5%) 5 (8.6%) 0368
Hypertension 2 (9.1%) 6 (10.4%) ’
Mental diseases 6 (27.3%) 9 (15.5%)
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Changes in Patients’ Blood Parameters: Examination
of the patients’ clinical and laboratory parameters before
admission and 12 h after the intervention showed that only
the patients’ HCT in the plasmapheresis group was
significantly lower than that of those in the control group
12 h after the intervention (P=0.046). Other parameters
evaluated at baseline and 12 h after the intervention showed
no significant differences between the two groups (P>0.05).
Moreover, within-group comparisons indicated that the
means for SpO,, HCOs, and INR increased, while the
means for PLT, Hb, HCT, Alb, Ca, and K declined
significantly in the plasmapheresis group 12 h after the
intervention, compared to those before the intervention

(P<0.05). The means of SpO; and PO, increased, while
the means of PLT, RBC, Hb, Alb, Ca, and K decreased
significantly in the control group 12 h after the
intervention, compared to before the intervention
(P<0.05, Table 2).

Clinical Outcomes: Evaluation of the clinical
outcomes revealed that there were one case of
bradycardia (4.5%), one case of itching (4.5%), and six
cases of deaths (27.3%) recorded in the plasmapheresis
group, while 14 cases of deaths (24.1%) occurred in the
control group. There were no statistically significant
differences in the number of deaths between the two
groups (P>0.05, Table 3).

Table 2. Specification and comparison of clinical and laboratory parameters of patients with AIP poisoning in the two study groups

Plasmapheresis group Control Group

Variables (n=22) (n=58) P-value'?

PR; bpm Baselﬁne . 99.59+26.72 88.14+15.82 0.070
12 h after the intervention 95.50+21.92 83.00+9.03 0.145

P-value? 0.609 0.099
SBP; mmHg Basel'ine ‘ 103.09+20.91 112.27+26.86 0.154
12 h after the intervention 135.00+21.21 117.07+13.85 0.129

P-value® 0.500 0.096
DBP; mmHg Basel.ine . 62.41+21.01 69.51+16.21 0.113
> 12 h after the intervention 75.00+7.07 72.77£13.75 0.836

P=value® 0.989 0.613
SpOs; % Baseline 60.81+27.42 56.03+28.37 0.516
’ 12 h after the intervention 69.72+29.45 74.16+£28.95 0.666

P-value® 0.044 0.032
PCo, Baseline 40.09+21.38 40.08+13.07 0.997
12 h after the intervention 41.65+11.20 37.58+15.51 0.242

P-value? 0.352 0.349
PO,; mmHg Baseline 43.25+36.10 37.73+25.40 0.454
’ 12 h after the intervention 50.01£25.72 47.24+17.86 0.722

P-value® 0.161 0.031
Baseline 18.78+5.08 21.23+6.08 0.103
HCOs;; mEg/L 12 h after the intervention 23.7129.78 22.47+5.06 0.661

P-value? 0.028 0.217
Ph Baseline 7.35+0.15 7.40+0.62 0.684
12 h after the intervention 7.27+0.31 7.35+0.18 0.382

P-value® 0.341 0.487
: o Baseline 227.62+81.34 210.32+89.70 0.443
PLT count; x107/L 12 h after the intervention 145.54+96.44 175.11+55.73 0.310

P-value? 0.006 0.039
INR Baseline 1.25+0.95 1.16+0.13 0.095
12 h after the intervention 1.59+0.22 1.56+0.93 0.921

P-value® 0.013 0.238
: o Baseline 10.50+5.36 11.91+12.87 0.622
WBC count; x107/L 12 h after the intervention 7.00+3.58 7.69+3.52 0.648

P-value? 0.178 0.149
Lymph count; x10%/L Baseline 28.54+13.19 30.45+21.17 0.704
> 12 h after the intervention 23.71£16.22 25.32+11.88 0.784

P-value® 0.660 0.534
. o Baseline 4.89+0.81 5.21£0.56 0.095
RBC count; x107/L 12 h after the intervention 4.14+0.45 4.49+0.70 0.206

P-value? 0.161 0.001
Hb; g/dL Baseline 13.92+2.16 15.17+4 .44 0.211
’ 12 h after the intervention 11.31£1.51 12.55+1.89 0.114

P-value® <0.001 0.005
HCT: % Basel.ine . 41.71£5.10 43.60+6.39 0.222
’ 12 h after the intervention 34.31+£3.31 38.054+4.80 0.046

P-value? 0.001 0.356
Alb; g/dL Basel.ine . 4.35+0.55 4.211+0.69 0.586
12 h after the intervention 3.63+0.25 3.24+0.43 0.420

P-value® 0.013 0.007
BS; mg/dL Baseline 157.33+£76.24 133.20+61.88 0.160
> 12 h after the intervention 231.124+45.16 138.004+43.06 0.118

P-value? 0.116 0.162
AST: U/L Baseline 30.50+16.07 24.31+9.41 0.118
’ 12 h after the intervention 38.60+£19.70 20.00+8.08 0.102

P-value® 0.187 0.123
ALT: U/L Baseline 33.50+20.82 25.51+19.06 0.122
> 12 h after the intervention 42.60+22.87 24.00+27.09 0.190
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P-value®

Baseline
Ca; mg/dL 12 h after the intervention
P-value®

Baseline
P; mg/dL 12 h after the intervention
P-value®

Baseline
Mg; mg/dL 12 h after the intervention
P-value®

Baseline
K; mmol/L 12 h after the intervention
P-value®

Baseline
Na; mEq/L 12 h after the intervention
P-value®

0.107 0.685
8.48+2.00 9.09+0.82 0.196
7.67+0.84 8.11+0.89 0.203
0.495 <0.001
3.45+0.40 5.50+£7.72 0.386
4.50+2.24 3.33£1.76 0.679
0.425 0.441
2.24+0.59 2.51£2.68 0.668
2.08+0.61 2.00+0.45 0.708
0.734 0.597
4.16+0.62 3.91+0.46 0.860
3.55+0.50 3.56+0.49 0.945
0.005 0.001
142.02+4.06 135.74+25.79 0.296
131.29441.33 134.53+32.20 0.808
0.385 0.263

1: The significance level obtained from the independent samples t-test comparing the means of variables between the two groups at the beginning of the

study.

2: The significance level obtained from Analysis of covariance (ANCOVA) comparing the means of the variables between the two groups 12 h after the

intervention by adjusting age, gender, and variables at baseline.

3: The significance level obtained from the paired samples t-test comparing the means of variables 12 h after the intervention as compared to the baseline by

adjusting the patients’ age and gender in each of the two groups.

Table 3. The patients’ outcome with AIP poisoning between the two study groups

Outcome Plasmapheresis group (n=22) Control Group (n=58) P-value
Bradycardia 1 (4.5%) 0 (0%) 0.071
Itching 1 (4.5%) 0 (0%) 0.071
Death 6 (27.3%) 14 (24.1%) 0.778
. . In line with the current study, another investigation on
Disussion

The results of this study showed that plasmapheresis
resulted in a significant increase in SpO,, HCOs, and INR
and significant declines in PLT, Hb, HCT, Alb, Ca, and K
levels. In the control group, the means of SpO, and PO,
increased, while those of PLT, RBC, Hb, Alb, Ca, and K
levels decreased significantly. However, these changes
were not significant between the two groups upon between-
group comparisons, and only the patients” HCT in the
plasmapheresis group was significantly lower than that of
the patients’ in the control group 12 h after the intervention.
This finding was justifiable as the blood plasma volume
was obtained based on the HCT level in this study.

It is worth noting that although plasmapheresis caused a
significant increase in HCOj3, it did not reduce the patients’
acidosis significantly. This event might have been caused
by concurrent respiratory acidosis in patients. In addition,
metabolic acidosis was the main cause of death in these
patients, which  improved relatively  following
plasmapheresis. This was one of the advantages of
plasmapheresis. We made a similar assertion in our
previous article published in 2021 [14]. This suggestion
was based on our clinical experience derived from our
observations of the clinical outcomes in several patients
with AIP poisoning that had lasted for only six hours. The
patients’ condition improved, and the mortality rate
decreased significantly [14].

To explain this, it is likely that the phosphine gas released
from AIP is removed from the blood through plasma
exchange due to its solubility in plasma. However, the gas
may not be eliminated by dialysis due to its high volume of
distribution. In contrast, Nenov et al. tried to remove
dimethoate (an insecticide), but they failed to do so [22].
The discrepancy between the above finding and that of the
present study can be attributed to differences in the type,
time, amount of poisoning, and the duration of
plasmapheresis.

117

the effect of plasmapheresis on a 19-year-old young
woman poisoned with OP showed that a one-time
plasmapheresis treatment led to an acceptable clinical
outcome, and the patient regained consciousness upon
performing plasmapheresis. In addition, the patient’s
blood oxygen saturation and plasma cholinesterase level
improved significantly.  Therefore, we would
recommend the use of plasmapheresis in toxicology
clinics to manage serious cases of poisoning due to
organophosphates [20]. Further, Ahila et al. have
claimed that replacing cholinesterase with fresh frozen
plasma could achieve desirable clinical outcomes in
patients poisoned with similar compounds [19]. The
findings from the study conducted by Rahimi ef al. also
indicate that the transfusion of fresh RBCs improves
metabolic acidosis and increases the survival rate of
patients poisoned with AIP [12].

In the current study, the oxygen saturation improved
significantly in both study groups. However, the HCO3
level improved significantly only in the plasmapheresis
group. Therefore, the decline in acidosis was more
evident in the plasmapheresis group, but the mortality
rate was not significantly different between the two
groups. The potential of this new treatment to reduce
acidosis is of great significance for researchers because
acidosis is the most important cause of death in these
patients. This finding can be associated with promising
results with respect to patients’ clinical outcomes.
Conceivably, the lack of a significant difference in the
mortality rate in this preliminary study can be attributed
to the small sample size. This point justifies the necessity
of conducting further studies on this subject in the future.

Zamani et al. have suggested that removing damaged
RBCs by any method in similar patients is likely to
improve clinical outcomes. Although blood transfusion
was associated with hemolysis, jaundice, fever, and
hematuria, these authors believed that it saved their
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patients’ lives, as there was no treatment available at the time
other than conservative management with antioxidants [26].

In the current study, 4.5% of the patients developed
bradycardia and itching. Further, 27.3% of our patients died
in the plasmapheresis group, while only 24.1% of them died
in the control group. It may be stated that the complications
that occur upon plasmapheresis are very rare, and the
mortality rates are not significantly different between the
two groups. In another study conducted by Disel et al., the
patients suffered from hypoxia, which was attributed to
respiratory muscle dysfunction and the accumulation of
secretions in the lungs [20]. In two other studies, the
plasmapheresis complications included anaphylactic
reactions to IgA in the infused plasma, urticaria, TRALI,
increased risk of infection, hypotension due to citrate in the
infused plasma, vasovagal reaction, and coagulation
disorder [27, 28].

It must be noted that some patients who were candidates
for plasmapheresis were critically ill, and imminent death
had been expected for them. Moreover, this method is the
last-line treatment and the ultimate chance for these patients
to survive; therefore, the above-mentioned complications
are expected. As a result, paying attention to the patients’
dyspnea, bronchospasm, urticarial lesions, and hypotension
is highly recommended. Furthermore, repeated evaluations
of the patient’s blood parameters during and after
plasmapheresis play important roles in controlling the
patients’ condition and preventing the complications.

Advantages and Limitations: The strong point of this
study is that it was the first clinical trial of its kind.
However, the small sample size and the lack of assessment
for the patients’ employment and marital status, lifestyle,
and previous poisoning incidents or suicide plans were
among the study’s limitations. Lastly, since no significant
differences were found in the patients’ mortality rate
between the two groups, we recommend that additional
studies be conducted in the future to establish the
generalizability of the current study’s findings.

Conclusions

Based on the findings of this study, plasmapheresis is
likely to increase the blood level of HCO; significantly
without impacting acidosis, despite the fact that in
treatments with or without plasmapheresis, the levels of Hb,
Alb, Ca, K, and PLT decreased and that of blood oxygen
saturation (SpO,) increased significantly. Therefore,
plasmapheresis significantly reduced acidosis in patients
with AIP poisoning. Likewise, this treatment did not lower
the mortality rate for patients in this intervention. Finally,
conducting more studies on plasmapheresis is warranted,
even in the form of case reports, so that the efficacy of this
intervention can be evaluated more accurately.
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